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Conditional mutations and transcription-based reporters are
important new tools for exploring the dynamic functions of biological
pathways in vivo. While studying the role of the Wnt signaling
pathway in cartilage we observed that the beta-catenin dependent
reporter TOPGAL was expressed in chondrocytes in which beta-
catenin was conditionally inactivated using a Col2a1:cre driver. Here
we show that in these embryos recombination is complete and full-
length beta-catenin protein is absent in chondrocytes. Although a null
allele in this context, the recombined beta-catenin locus produces
stable transcripts that encode truncated proteins. The truncated
protein alone fails to activate TOPFLASH, but it strongly potentiates
reporter activity in the presence of beta-catenin. Together, these data
show that each mouse model exhibits specific undesirable properties,
findings that strongly suggest the need for specific standards to
ensure proper validation of this new generation of genetic tools.
doi:10.1016/j.ydbio.2011.05.109
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The role of the dual Bmp/Wnt inhibitor Sostdc1 in adult
pancreas function
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Recent studies have revealed the roles of bone morphogenetic
protein (Bmp) and Wnt signaling in the positive regulation of
pancreatic β cell function. Bmp4 signaling through Bmp receptor 1a
(Bmpr1a) in the pancreatic epithelium positively regulates expres-
sion of genes involved in insulin production, synthesis, and glucose
sensing and metabolism. Wnt signaling through the Lrp5 receptor
regulates glucose homeostasis and insulin secretion, and Wnt target
genes include those involved in cell cycle regulation and β cell
function. Loss of either Bmp or Wnt signaling in the pancreatic
epithelium results in impaired glucose homeostasis, decreased
insulin secretion, and decreased expression of genes involved in islet
function. Through microarray analysis of gene expression in the
hepatocyte nuclear factor (Hnf) 6 mouse model of lean, non-immune
mediated diabetes, we identified a 2-fold up-regulation of the dual
Bmp and Wnt inhibitor Sostdc1 in the pancreata of postnatal day (p)
1 animals. We have investigated whether loss of Sostdc1 improves β
cell function and insulin secretion using a global knockout (KO)
mouse model. The role of Sostdc1 or other Bmp and Wnt inhibitors
has not yet been studied in the adult pancreas, but aberrant Bmp and
Wnt signaling have been observed in mouse models of diabetes and
obesity. We have found that adult male Sostdc1 KO animals exhibit
significantly lower ad lib feeding glucose levels compared to WT
littermates. When placed on high fat diet (HFD) for 8 weeks, a subset
of male KO animals show significantly improved insulin secretion
during islet perifusion, and after 12 weeks HFD show significantly
improved glucose clearance during an intraperitoneal glucose
tolerance test (IPGTT). We are currently determining whether genetic
background contributes to the severity of the Sostdc1 KO phenotype.
Additionally, we have observed that Sostdc1 KO animals with fasting
blood glucose of <125 mg/dl trend toward higher β cell mass after
12 weeks of HFD. Furthermore, we have observed alterations in
expression of Bmp-responsive genes and expression of Bmp/Wnt
modulators in islets isolated from Sostdc1 KO animals. These results
suggest that relieving Bmp/Wnt inhibition can improve β cell
function, possibly through alteration of gene expression.
doi:10.1016/j.ydbio.2011.05.110
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Axin promotes canonical Wnt signaling in the late primitive
streak of mouse embryos
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Recently, small molecules that increase the stability of Axin
protein and reduce the responsiveness to Wnt ligand of cells in
culture have been identified. However, we have carried out experi-
ments demonstrating that the effect of Axin stabilization in vivo
varies between cells. Axin proteins are negative regulators of the
canonical Wnt signal transduction pathway, serving as a scaffold for
the cytosolic β-catenin destruction complex. Drosophila genetics has
shown that Axin levels may be rate limiting in the ability of the
complex to degrade β-Catenin; therefore, a tight regulation of Axin
levels is required for appropriate signaling in the developing embryo.
Although Axin2 null animals are viable, we identified an ENU-
induced recessive allele of Axin2, canp, that causes midgestation
lethality in homozygotes. We show that the Axin2 canp protein is
more stable than wild type and, as predicted for an increased level of
a negative regulator, the Axin2 canp mutation leads to decreased Wnt
signaling in most tissues, which can account for most of the of Axin2
canp phenotypes. In contrast, there is a paradoxical increase in
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canonical Wnt activity in the late primitive streak of all Axin2 canp
mutant embryos that is associated with the formation of an ectopic
tail in some mutants. The canp missense mutation disrupts the
Tankyrase binding domain of Axin2, which is consistent with the
proposed role of Tankyrase in promoting Axin turnover. We find that
wild-type embryos treated with inhibitors of Tankyrase show
decreased Wnt signaling in most tissues, but increased Wnt signaling
in the late primitive streak. Treatment with Tankyrase inhibitors
stabilized Axin1 and Axin2, lead to increased expression of canonical
Wnt reporters and increased the level of phosphorylated-LRP6 in the
late primitive streak, but had the opposite effect in all other regions of
the embryo. Thus both genetic and pharmacological experiments
indicate that Axin has a previously undiscovered role to promote
canonical Wnt signaling in certain cell populations in the embryo.
doi:10.1016/j.ydbio.2011.05.111
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Activation of Wnt signaling by reactive oxygen species
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Differentiation of primitive endoderm from cells of the inner cell
mass is one of the earliest cell fate decisions made in the developing
mouse embryo. The molecular mechanisms involved during differ-
entiation are poorly understood and difficult to study in vivo. Mouse
F9 embryonic carcinoma cells have been used extensively as a model
for recapitulating extraembryonic endoderm differentiation in vitro.
When F9 cells are treated with retinoic acid (RA) they differentiate
into primitive endoderm. Differentiation by RA involves many
signaling events, including the canonical Wnt/b-catenin and planar
cell polarity pathways. We found that differentiation by RA was
accompanied by a sustained increase in reactive oxygen species
(ROS), which are known to have a positive role in influencing Wnt
signaling. F9 cells were treated with H2O2 to test the hypothesis that
it would activate the Wnt signaling required for extraembryonic
endoderm formation. H2O2 treatment resulted in the appearance of
biochemical, molecular and morphological markers of primitive
endoderm. Furthermore, Tcf reporter analysis indicated that the
canonical Wnt/β-catenin signaling had been activated. In contrast, F9
cells pre-treated with antioxidants N-Acetyl Cysteine or Trolox
reduced the ability of RA to induce differentiation. The expression
of Nox genes, as a source of the ROS, was examined during the course
of differentiation. Nox4 was found to be up-regulated in response to
RA, and treatment with DPI, a NOX inhibitor, attenuated RA-induced
differentiation. Together, these in vitro results imply that ROS
signaling may converge on the Wnt/β-catenin pathway to positively
regulate the formation of extraembryonic endoderm in the develop-
ing mouse embryo.
doi:10.1016/j.ydbio.2011.05.112
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Primary cilia demonstrate polarization at early stages
of neurulation
Rebecca McFarland, Rachel Brewster
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Cilia are essential organelles required for fluid propulsion,
sensation and processing of several signaling pathways. These
organelles provide a convenient readout for epithelial planar
polarization, as their distribution, orientation and tilt is stereotypical
in many tissues. Recent studies have shown that non-canonical Wnt/
Planar Cell Polarity (PCP) signaling regulates the positioning and
orientation of cilia in the vertebrate embryo, however it remains
unclear whether this pathway controls all aspect of planar polariza-
tion. In the zebrafish neuroepithelium, the earliest sign of activation
of PCP signaling is the asymmetric distribution of Prickle, a PCP
pathway component, to the anterior membrane of neural progenitor
cells at 8 somites (Ciruna et al., 2006), a late stage of neural tube
formation. To address whether cilia orient in a planar polarized
manner prior to this stage, we carried out 3-D imaging of hindbrain
cells labeled with markers for the axoneme (Acetylated-Tubulin), the
centrosome/basal body (γ-Tubulin) and the plasma membrane
(mGFP) at the 1–2 somite stage, an earlier stage of neurulation
characterized by active convergence movements . We observe in all
cells that axonemes orient along the Anterior-Posterior axis. This
observation suggests that the PCP pathway is either active prior to 8
som or that some aspects of planar polarization are achieved
independently of this signaling pathway. To distinguish between
these two models we are analyzing axoneme orientation in PCP
mutants. We are also testing whether centrosomes/associated
organelles may provide an early polarization cue upstream of PCP
signaling. Together, these studies will shed further light on the
complex interactions between cilia and PCP signaling.
doi:10.1016/j.ydbio.2011.05.113
Program/Abstract # 91
Tau Tubulin Kinase 2 is required for mammalian ciliogenesis and
Hedgehog signaling
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Work in recent years has shown that the primary cilium is
essential for vertebrate Hedgehog (Hh) signaling. Here we describe
the identification of a protein kinase, Ttbk2 as an essential regulator
of Hh signaling through its role in promoting the formation of cilia.
The mutant bartleby (bby) was isolated in a recent genetic screen in
our lab based on a neural patterning phenotype consistent with a
severe disruption in Hh signaling: bby mutants lack ventral neural
cell types including floor plate, V3 progenitors and motor neurons.
Immunostaining and electron microscopy reveal that bby mutants
lack cilia in most tissues. This ciliogenesis defect results in the loss of
Hh signaling observed in bby embryos. We identified the mutation
that causes the bby phenotype as a nonsense mutation in the gene
encoding the serine-threonine kinase Tau Tubulin Kinase 2 (Ttbk2),
resulting in a premature stop codon in the kinase domain. In cultured
cells, a Ttbk2-V5 fusion protein localizes to the distal tip of the basal
body, the structure that nucleates ciliogenesis. The basal bodies of
bby mutant cells are structurally normal, however components of the
intraflagellar trafficking (IFT) complex, such as IFT88, are not
recruited to the transition zone between the basal body and nascent
cilium. Thus Ttbk2 appears to function in a process that recruits IFT
machinery to the distal basal body to allow ciliogenesis. Although a
number of kinases have been identified as both positive and negative
regulators of ciliogenesis, Ttbk2 is thus far the only kinase shown to
have an essential role in cilia formation. We are presently working to
identify Ttbk2 substrates in order to understand how growth of the
cilium from the distal basal body is initiated.
doi:10.1016/j.ydbio.2011.05.114
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